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3. 4 Plate Thermometer K UMD HS B I E 75 5 D bk
1) Introduction
It was found from KICT that durability of total heat flux meter has a problem during the Facade
test. When total heat flux meter is exposed to fire for long such as facade test, most of them
used are break down. It is motivated to seek alternative technology for measuring heat flux
having better durability than normal total heat flux meter.
In this study, plate thermometer is used to check its measurement performance as alternative
heat flux measuring technology. The large scale facade test is prepared for measuring and




estimating radiant heat flux on the facade face and wall which is few meter apart from facade,

and the test was performed in Tokyo University of Science (TUS).

2 ) Test method and set-up
The total heat flux meters were substituted by the plate thermometers according to EN 1363-

1. Plate thermometers were used along with the total heat flux meter. Each plate
thermometer was accompanied by stainless steel sheathed thermocouple (type K). Figure 1
shows instrumentation of the heat flux meter. The plate thermometer is comprise of 3
thermocouples as shown in Fig. 2. Tg , Ter, Tq1 Measures gas temperature, surface

temperature on the plate thermometer, temperature between plate thermometer and wall,

respectively.
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Figure 1 Installation of plate Figure 2 Instrumentation
thermometer on the facade of the heat flux meter

and wall apart from facade

By use of temperature from Tq , Tper, Tg1, the incident radiation, ¢;,. , calculated according

t019:20)
o 1 ' dTpr
Gine”” = 0Tpp —— [hPT(Tg —Tpr) + K(Ty = Tpr) = C @

Epr dt

Where

Tg gas temperature, in K

Tg1 temperature between PT and fagade, in K

Ter temperature of PT (steel plate), in K

dTpr(t) Tpriva —Teri-a
dt 2-At
Formula

Derivative of Ter approximated by Centred Differencing




T1=w1.Tgr + Wo.Tpr wi =0.5

At=1min=60s time period
o= 5.67E-08 W/(m2K*) Stefan-Boltzmann constant
a1 =0.77 emissivity of stailess steel (0.7 mm plate)
hpt =11 W/(m3K) convection heat transfer coefficient
K =40 W/(m2K) thermal conduction coefficient
C =3548.96 J/(m?K) heat capacity
The incident radiation calculated from equ. (1) is then compared with radiation directly taken from total heat
flux meter.
3 ) Results

In order to check the performance of the plate thermometer, results are only shown when
n=3.

Figure 3 shows (a) temperature of the plate thermometer and (b) heat flux calculated from
temperatures taken from plate thermometer and heat flux measured from total heat flux
meter at height of 600 mm from top of the opening on facade. Here, Qinc_pt, corresponds to
heat flux calculated by T4 and Tet, Qinc_g1 corresponds to heat flux calculated by Tg and Tga,
Qhfm is heat flux measured from total heat flux meter. It is found that heat flux between plate

thermometer and total heat flux meter doesn’t shows big deviation.
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b. Heat flux comparison between the plate
thermometer(Qinc_pt, Qinc_gl) and total heat flux
meter(Qhfm)

Figure 3 Temperature of the plate thermometer and heat
flux from plate thermometer and total heat flux meter at

height of 600 mm from top of the opening on facade
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b. Heat  flux comparison between the plate
thermometer(Qinc_pt, Qinc_gl) and total heat flux
meter(Qhfm)

Figure 4 Temperature of the plate thermometer and heat flux

from plate thermometer and total heat flux meter at height of

1600 mm from top of the opening on facade

Figure 4 shows (a) temperature of the plate thermometer and (b) heat flux calculated from
temperatures taken from plate thermometer and heat flux measured from total heat flux
meter at height of 1600 mm from top of the opening on facade. Heat flux from total heat flux
meter shows about 10 kW/m?, while averaged heat flux calculated from plate thermometer
shows approximately 5 kW/m?. It means that heat flux measured from total heat flux meter

is 2 time larger than that calculated from plate thermometer.
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b. Heat flux comparison between the plate
thermometer(Qinc_pt, Qinc_gl) and total heat flux
meter(Qhfm)

Figure 5 Temperature of the plate thermometer and heat flux

from plate thermometer and total heat flux meter at wall at same

height to top of the opening on facade

Figure 5 shows (a) temperature of the plate thermometer and (b) heat flux calculated from
temperatures taken from plate thermometer and heat flux measured from total heat flux
meter at wall apart from facade. It is located at same height to top of the opening on facade.
Heat flux from total heat flux meter shows about 50 kW/m?, while averaged heat flux

calculated from plate thermometer shows less than 20 kwW/m?.
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b. Heat  flux comparison between the plate
thermometer(Qinc_pt, Qinc_gl) and total heat flux
meter(Qhfm)

Figure 6 Temperature of the plate thermometer and heat flux

from plate thermometer and total heat flux meter at wall at

height of 600 mm from top of the opening on fagcade

Figure 6 shows (a) temperature of the plate thermometer and (b) heat flux calculated from
temperatures taken from plate thermometer and heat flux measured from total heat flux
meter at wall apart from facade. Plate thermometer is located at 600mm above the opening

on facade. It shows very big deviation in heat flux between plate thermometer and total heat

flux meter.
Temperature
200.0
150.0
100.0
50.0 /
0.0
0 500 1000 1500 2000
—Tpt =——Tgl Tg
a. Temperature of the plate thermometer




Heat Flux (KW/m2)

15.0
10.0
5.0
0.0
0 500 1000 150 000
5.0
Qinc_pt Qinc_gl =———Qhfm

b. Heat flux comparison between the plate
thermometer(Qinc_pt, Qinc_gl) and total heat flux

meter(Qhfm)

Figure 7 Temperature of the plate thermometer and heat flux

from plate thermometer and total heat flux meter at height of

1600 mm from top of the opening on facade

Figure 7 shows (a) temperature of the plate thermometer and (b) heat flux calculated from
temperatures taken from plate thermometer and heat flux measured from total heat flux
meter at wall apart from facade. Plate thermometer is located at 1600mm above the opening
on facade Heat flux from total heat flux meter shows about 10 kW/m?, while averaged heat
flux calculated from plate thermometer shows about 5 kW/m?. Heat flux measured from total
heat flux meter is almost double as compare to heat flux calculated from plate thermometer.
4 ) Conclusion

The plate thermometer was installed in the real scale facade experiment to compare heat
flux measured form total heat flux meter. Results shows that heat flux calculated from the
plate thermometer has big deviation as compare to that directly measured from total heat
flux meter. It should be investigated what parts has to be improved in the plate thermometer
to get better accuracy. Therefore, it would be better to check its performance in small scale
heat flux measuring facility in this year. After getting reasonable accuracy in small scale
facility, performance of the plate thermometer will be checked again in large scale test.
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